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Zinc-deficiency in humans and animals causes a wide variety of symptoms, including impaired growth, alopecia, anemia, dwarfism, impaired sexual development, geophagia, dermatitis, loss of hair, poor appetite, abnormal dark adaptation, delayed wound healing and mental lethargy. [1] [2] [3] [4] [5] [6] [7] To our knowledge, although a few of the general symptoms of zinc-deficiency have been reported in the studies published so far, [1] [2] [3] [4] [5] [6] [7] [8] [9] its effects on the craniofacial structures have not been thoroughly described. 10, 11 In this study we attempted to investigate the effects of low levels of zinc intake on the dental, mandibular, maxillary and cranial dimensions of the rats, and to review the related literature.
MAtErIALs And MEtHods
This investigation was carried out at the Physiology Animal Laboratory of Medical School (Ataturk University, Erzurum, Turkey). The study protocol was approved by the Ethics Committee of Ataturk University Faculty of Dentistry. In the study, 14 Sprague-Dawley rats with cessation of lactation on the 24 th day of birth were used. Rats were randomly divided into two groups: Group I rats were fed with a zinc-deficient diet, and Group II rats (controls) with a Zinc-containing diet (Table 1) . 12 The zinc-deficient diet was stored at 4.5±0.5 0 C in plastic containers and handled with plastic containers, plastic gloves, and appropriate utensils to avoid contamination. The diet was placed in shallow glass food cups with stainless steel follow-through disks to reduce food spills. The rats were kept individually in stainless steel cages and maintained at 22-25 0 C with a 12-h light/ dark cycle. They were allowed free access to double-distilled water. Features of zinc deficiency, including cutaneous lesions, loss of appetite, slowed weight gain, loss of hair, diarrhea, and alopecia were observed in all zinc-deficient rats.
At the end of the fourth week on the experimental diet, all of the rats were killed by cardiac puncture after anesthesia with thiopental. Blood was removed directly from the heart. Blood samples were centrifuged at 3000 rpm for five minutes and maintained at -85 0 C until shortly before assay. Serum zinc level was measured by atomic absorption spectrophotometry (Flame type UNICAM 929).
The skulls and mandibles were freed from soft tissues and divided into two halves midsagittally ( Figure 1) . Then, the following 13 measurements were evaluated on the skulls, mandibles and teeth ( Figure 2 ). L1: Anterior edge of the glenoid fossa -extreme anterior extension of the maxillary bone between the incisors.
L2: Anterior edge of the glenoid fossa -junction of the mesial surface of the first molar with alveolar bone.
L3: Maximum skull length: the intersection of the frontoparietal suture and the interparietal suture on the midsagittal plane -most inferior point of the tympanic process.
L4: Posterior edge of the condyle -junction of the mesial surface of the first molar with alveolar bone.
L5: Posterior edge of the condyle -most anterior extension of the maxillary bone between the incisors.
L6: Posterior edge of the condyle -posterior rim of the mental foramen.
L7: Most superior surface of the condyle -line tangential to the inferior border of the mandible.
L8: Total skull length: most anterior point of the internasal suture in the midsagittal planemost posterior and external point of the squama occipitalis.
L9: Nasal length: most anterior point of the internasal suture in the midsagittal planeintersection of the nasofrontal suture and the internasal suture on the midsagittal plane.
L10: Interzygomatic width: the distance measured between the right and the left zygion points (most external point of the temporazygomatic suture on the zygomatic arcus).
L11: Maximum skull width: the distance measured between the right and the left squamosa temporalis points (most distant point of the squama temporalis from the midsagittal plane).
L12: Anterior teeth length of maxilla: the distance between the incisive edges of anterior tooth and the margin of gingiva.
L13: Anterior teeth length of mandible: the distance between the incisive edges of anterior tooth and the margin of gingiva.
Statistical analysis
Statistical analysis was performed using SPSS 11.0 for Windows. The statistical significance of data for all scores between the groups was determined with the Student t-test. Changes were considered significant at the P<.05 levels.
rEsuLts
Group I (fed with zinc-deficient diet) consisted of seven rats (five females, two males); Group II (fed with zinc-containing diet) contained seven rats (four females, three males). The rats were fed similar nutrition except zinc. The first observation was growth retardation, poor appetite, loss of hair, diarrhea, and ulcerations of the skin and mucosa in the zinc-deficient rats. These findings were observed at the 10-16 days in zinc-deficient rats. Although body weight, body length and tail length were retarded in zinc-deficient rats, they were advanced in rats fed with a zinc-containing diet ( Figure 3 ). Serum zinc level of the zinc-deficient rats (Group I) was lower than that of the controls (Group II) (P<.001) ( Table 2) .
A statistically significant difference was found in the entire total craniofacial parameters measured between the groups. It was determined that maxillary and mandible lengths were smaller in the zinc-deficient rats than those of the zinccontaining diet rats. The incisor and molar teeth were more anteriorly located on Group II as compared to Group I at 30 days age (L1, L2). The length of the mandible as measured from the condyle to the molars (L4), incisors (L5) or to the mental foramen (L6) was anteriorly located on the Group II as compared to Group I. The height of ramus (L7) was increased on Group II at 30 days age. Longitudinal measurements, such as total skull length (L8), nasal length (L9), interzygomatic width (L10) and maximum skull width (L11), were also significantly shorter at zinc-deficient rats. The length of root and clinical crown of teeth were longer in Group II as compared to Group I (L12, L13) ( Table 3 ). The zinc-deficient group showed a significantly lower value in dry skull, mandible, and teeth measurements when compared with those of Group II (P<.001) ( Table 3 ). Group I rats were given a zinc-deficient diet. Group II rats (controls) were given a zinc-containing diet.
Zinc deficiency and craniofacial growth dIscussIon
In the study the effects of zinc-deficiency on the skull, mandible, and teeth during growth were evaluated in rats. Zinc has been demonstrated to be essential for normal growth of the human skeleton and also for skeletal growth in many animals. 13 It is known that rats are more susceptible than other animals to zinc-deficiency. It therefore provides a useful model for the study of the effects on the rat craniofacial structures of dietary zinc-deficiency during growth. Zinc is the second most abundant trace metal in the human body and is present in all living cells and body secretions. 2 In addition, the most recent research reported that zinc-deficiency could have marked effects on virtually all components of the immune system.
14 Our observations of growth retardation in zinc-deficient rats and growth acceleration in zinc-added rats have confirmed that zinc is an important element for growth. Orbak et al 3 in their study, which was aimed at evaluating the alterations of oral and periodontal tissues in zincdeficient rats, also found that oral health was better in rats (those fed with zinc containing diet) than in rats (zinc-deficient) and showed that zincdeficiency was a potential risk factor for oral and periodontal diseases.
Although clinical features are important, zinc-deficiency must be confirmed by laboratory findings. Zinc status was evaluated in many studies by direct analysis of zinc concentrations in serum spectrophotometry. 15, 16 We also used this method. The effects of zinc-deficiency are similar in most animal species and include dermatitis, alopecia, ocular lesions, testicular atrophy, growth retardation and anorexia. Zinc is the most abundant trace element in bone, being present at a concentration of up to 300μg/g, and it has been considered an important factor in bone metabolism. Skeletal changes, including delayed maturation, reduced alkaline phosphates activity, reduced premenopausal bone mass and postmenopausal osteoporosis, have been associated with zincdeficiency. 17 Zinc-deficiency is associated with skeletal growth retardation and reduction in bone mass. The morphometric abnormalities of the growth plates, likely linked to the role of zinc in cell division, differentiation, and apoptosis, explain the skeletal longitudinal growth retardation and the greater deformability of the long bones in zincdeficient rats than in the control rats. 17 In this study we especially investigated the effects of low levels of zinc intake on rat teeth, mandible, and maxilla during growth. In the present study, all lengths' means of the rats in the zinc-deficient group were significantly shorter than the means in the control group (P<.001). The low growth of the maxilla was seen besides the results of measuring the lengths in the zinc-deficient group as compared to the control group. And also glenoid fossa was more anteriorly located on the zinc-deficient group rats' skulls. The lengths of the mandible as measured from the condyle to the molars (L4), incisors (L5) or to the mental foramen (L6) were decreased in the rats, which were fed with a zinc-free diet. The height of the ramus (L7) was also decreased in the zinc-deficient group. Both maxilla and mandible's growing quantity was greater in the rats that were fed with the zinc-rich diet. The differences in the length and height measurements between the zinc deficient and control group were seen in the Table 3 .
Although there were no differences between two groups about the lengths of teeth (P>.05), the decrease of the teeth lengths in the zinc-deficient group was seen in Table 3 . In those rats fed with a zinc-containing diet, L12, L13 were increased. But, the differences in L12, L13 values for Group I and Group II were not found to be statistically significant (P>.05).
The role of zinc in bone metabolism was shown by its stimulatory effect on bone formation in tissue culture, 18 bone growth, and mineralization in weaning rats, 19 and potent inhibitory effect in vitro on bone resorption. 20 There are few known reports demonstrating what effect changes in zinc intake might exert on osseous tissue during the growth stage. Gloub et al 21 reported that a lowzinc diet during adolescence might slow bone growth, enhancing the risk of osteoporosis in later years. Weisman and Hoyer 22 reported that zincdeficiency reduced the sensitivity of receptors to growth hormone. Elberle et al 23 compared the counts of various cells active in bone formation in rats fed normal diet with those in rats fed a zincdeficient diet and reported that the osteoblast count was reduced more significantly in the zincdeficient group than in the normal diet group. Kenshi et al 24 found the changes in zinc intake might exert an effect on the osseous tissue of the mandible and femur. The zinc-deficient group showed significantly lower trabecular and cortical bone density compared with the control group in the mandible. And also, in an animal study, it was found that the zinc-deficient diet caused a decrease in body weight and long bone (weight and length) growth. Growth impairment was significantly greater in zinc deficient rats than in control rats. 17 Ovesen et al 13 showed that zincdeficiency in growing rats induced a reduction of bone strength in the femoral neck, the distal femoral metaphysis, and the femoral diaphysis. The bone abnormalities in zinc-deficient rats are caused not only by changes in the growth plate cartilage, but also by changes in the bone size.
concLusIons
The zinc-deficient group showed a significantly lower value in dry skull, mandible and teeth rEFErEncEs
